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WATER AND ENERGY
Frank Ellis
Department of the Interior
Bureau of Reclamation
Washington, D.C.

Abstract
Energy self-sufficiency or independence from foreign oil
imports depends critically on the yet undeveloped domestic
fossil fuel resources, particularly for the production of
heat, which can be utilized in the conventional and technically
feasible thermal energy cycles of steam-electric generators
and prime movers, which can easily be replicated. An integral
facet of the complex domestic energy development undertaking
is the availability of water that may be required to convert
the vast domestic coal and oil shale resources into usable
energy forms. An orderly utilization of water resources
must receive attention if sufficient development of fossilfuel conversion energy systems is to materialize. Also, the
water requirements of alternative energy sources, such as
nuclear fast-breeder reactors and solar energy, which have
not yet been demonstrated to be commercially viable, must be
reviewed critically.
1.

INTRODUCTION

regulations, and standards; strip mining
controversies; depletion allowances; and
the Alaska Pipeline to market the north
slope oil reserves.

The increasing population and the growing
economy of the United States require ever
larger supplies of energy. Demands for
electrical energy have doubled approxi
mately every 8 to 10 years, and the
demands for natural gas are growing almost
as rapidly.
Similar growth curves can be
observed throughout the energy field.

2.
2.1

FACTORS RELATING TO ENERGY NEEDS
POPULATION AND ECONOMIC

Population growth in the United States
is expected to be about 1 percent per
year. Even if such growth fails to
materialize, per capita consumption of
energy will likely be commensurate with
an increasing gross national product
curve of 4 to 4.5 percent. According to
the Chase Manhattan Bank estimates, the
overall energy demand in 1985 may nearly
double that of 1970. (-1-) The average
American required an energy equivalent of
42 barrels of oil in 1955, and 61 in 1970
The oil-equivalent of energy consummed
may exceed 100 barrels per capita by 1985

The American appetite for energy appears
to be insatiable, particularly in view of
the way the energy game has been played
historically. The voracious consumption
has been premised on the basic concept of
unlimited supplies of cheap energy.
Economic, environmental, and political
constraints associated with unlimited
energy use are now being argued. The
conflict is apparent as the public and
private administrators wrestle with such
issues as wellhead prices for natural gas;
import taxes; environmental rules,
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With one-sixteenth of the world's popula
tion, the United States accounts for
nearly one-third of the world's annual
energy consumption. By year 2000, there
are expected to be an additional
27 million Americans in the 20- to 45-year
age group. This group is the most inten
sive energy-using group. About 2 million
more people are projected for the 45- to
65-year age group. The affluence of these
people will have significant impact on
demands for energy. Thus, since the
future energy consumers are already born,
the zero population growth that has been
reported recently may have little or no
impact on short-term energy demands.

but currently supplies only about
three-tenths of 1 percent of our energy
needs. The bank's data show energy
consumption in the United States to be:
Item
Industry
Utilities
Transportation
Private homes
Other business
Total

Oil Equivalency
Millions of Barrels per Day
1970
Percent
1985
Percent
Petroleum
13.0
Natural
Gas
11.0
Coal
6.0
Hydroelectric
power
1.0
Nuclear
0.2
Other
0.8
Total 32.0

2.2 DEMAND AND SUPPLY

21
10
14

25
20
100

23.0
11.0
62.0

37
18
100

28.0

45

34
19

12.0
11.0

19
18

3
1
2
100

1.5
9.0
0.5
62.0

2
15
1
100

It is reasonable to expect that the
United States' energy needs will be met
from seven sources of supply by 1985.
Four of these— oil, natural gas, coal, and
hydroelectric power— are contributors of
long standing. The remaining three—
nuclear, shale oil, and synthetic coal-gas
products— are relative newcomers to the
market. Yet by 1985, the equivalent of
about 10 million barrels of oil per day
will need to be supplied from such new
sources.(3) This represents an expansion
comparable to about half of the existing

Oil Equivalency
Millions of Barrels per Day
Percent
1985
Percent
1970
13.0
6.0
9.0

41

The domestic reserves of the two most
important fuels are diminishing; i.e.,
natural gas and petroleum. The
United States currently relies on foreign
sources for about 41 percent of its
petroleum needs.* The future petroleum
needs represent an increasing dependence
upon imports, which may reach 60 percent
or more by 1980.

Domestic energy demand and consumption are
related to four major markets— transporta
tion, residential, industrial, and
electric utilities. These four markets
consume about 80 percent of the Nation's
energy.(2) The oil equivalency for each
of these four basic economic segments is
shown below:

22
13
20

32
25
24
14
5
100

Shell Oil Company has a similar but
somewhat different breakdown for the
sources of energy demands.

Assuming no cataclysmic events such as
global nuclear war or a plague of major
proportions, a population growth of at
least 1 percent per year can be safely
predicted in the United States. There
will be a continuing strong desire on the
part of the less affluent to participate
in the prosperity associated with a
healthy economy. There will likely be an
average annual growth rate of something
more than 4 percent in the gross national
product through 1985. Ample supplies of
capital, labor, and water are expected to
be obtained. Further, private enterprise
will continue as the main institution of
economic activity in the United States.

Transpor
tation
7.0
Residential 4.0
Industrial 6.5
Electric
Utilities 8.0
6.5
Other
32.0
Total

Percent

According to Chase Manhattan Bank
estimates, the sources of energy to meet
these demands have come largely from
petroleum (44.6 percent), natural gas
(31.6 percent), coal (19.7 percent), and
hydroelectric power (3.8 percent).
Nuclear energy, after some 20 years or
more of research, has become operational,

*"Energy - Choices for Independences,"
Department of the Interior news release,
May 7, 1976.
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capability of the petroleum and natural
gas industries in 1970. The accomplish
ment of that goal will require technologi
cal advancements, huge capital investments
and Federal and State cooperation with
private industry.
2.3

reduce consumption, and/or exploit
domestic supplies. Each of the options
is discussed below : ( 3 )
2.4.1

Imports

Increased imports may not serve the
Nation well because of the implications
for national security and uncertainties
about availability and supply. Modifi
cations to the import policy can have
substantial impact on capital formation
and balance of payments. Wages and
consumer prices are very sensitive to
possible changes in import policy which
would have ramifications throughout the
economy.
"Biting the bullet" on
relaxing import restrictions has signif
icant consequences and has major
national energy policy implications.
These should not be taken lightly.
National security, domestic production
of oil and natural gas capabilities,
efforts to enhance production of
unconventional fuels through research
and development, environmental safeguards,
and the economic and social consequences,
illustrate some of the ramifications
involved if the decision is made to
become more dependent on foreign oil.

ENERGY CONSERVATION

The likelihood of real energy conservation
by reducing home consumption may be
overestimated.(4) Transporation,
industrial, utilities, and business uses
of energy currently account for about
86 percent of the national total and are
expected to remain at about that level in
the future. Heating, cooking, drying,
and the myriad of household uses consti
tute about 14 percent of national energy
consumption. Thus, the possibilities of
ending our energy shortage by focusing on
residential consumers appear to be
limited.
Although some reduction in residential
energy consumption could be achieved
through a nationwide educational program
encouraging good energy conservation
practices in the home, most of the resi
dential savings are contingent upon the
development and installation of inexpen
sive insulating materials for reducing
the energy losses from existing homes.

If the United States is to develop its
facilities to handle the necessary imports
of petroleum products, substantial
capital investments would be required for
tankers to carry the crude, for dockage
and pipeline facilities from coastal areas
to the inland population centers, and for
domestic refining and storage facilities.
All of these would have significant
environmental and social consequences
that should be compared as the other
options are considered.

Higher fuel costs may make the wider use
of community heating, total energy systems
and heat pumps more economically feasible.
Urban buildings could be heated and cooled
by using the steam rejected by a central
power generating station. Municipal
waste could be burned in powerplant
boilers along with coal.
It is estimated
that fossil fuel requirements for power
generation could be reduced by an '
estimated 8 percent by using municipal
wastes. These and other aspects appear
to have significant environmental
advantages— yet they cannot be implemented
immediately. Considerable time and
capital investments would be required to .
bring about such a transition. There is
a serious question whether such installa
tions would ever show profit to the
enterpreneur.

2.4.2

Reduce Demands

The second option offered by the National
Petroleum Council; i.e., seeking reduc
tions in the growth rate of energy demand,
may not be viable because restrictions on
usage could produce adverse social
consequences. Although some improvements
in the efficiency of energy use are
possible, such restrictions are unlikely
to have any significant impact before
1985.

2.4 WAYS TO INCREASE SUPPLY OR DECREASE
DEMAND

In the United States, more homes are
heated and cooled, more miles are traveled
per capita, and more goods are produced
than in any other country. Nevertheless,
the developing countries are rapidly
emulating the culture of the Western
world. Consumption of fuels and
energy-related products will result in
more competition for the available world
supplies of petroleum. Price increases

Using calculations for projected energy
supply and demand over the period
1970-85, the National Petroleum Council
concluded, in its recent report on the
United States energy outlook, that there
are three basic policy options open to
the Government; i.e., increase imports,
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hydrogenation and gasification projects
materialize. The environmental con
sequences of mining activities, emissions
from the combustion process, and removal
and disposal of precombustion impurities
must be resolved, however.I®'

can only follow as effective demands**
for energy materialize in the world
economy. This further compounds the
balance-of-payments problem.
While prices have increased substantially
for major fossil fuels and electricity
from 1968-1973, the relative cost increase
to the consumer has been less than for
other items in the cost-of-living index.
The over-all cost of living increased by
27 percent during that time and continues
to accelerate. Considering energy prices
during the 1960's, there was room to adopt
more realistic price relationships to
bring energy consumption and demand into
better balance. Higher prices should
increase cost effectiveness and should
reduce waste and trivial uses of energy.
Consumption of electricity and fuels,
however, continues to climb, although the
rate of increase may be less. The
environmental and social consequences of
lowering consumption to reduce future
energy demands is another facet that needs
indepth exploration.

Development of natural resources of the
West has been and will continue to be
contingent upon availability of depend
able water supplies.
In addition to
agriculture, water-oriented recreation
activities, and other multipurpose
functions, water is vital to expansion of
existing industries; the development of
new industries is often limited in areas
that lack the necessary water supplies.
Federal Reclamation projects, particularly
in recent years, have been designed to
help meet municipal and industrial water
needs where they have been identified and
included as a project purpose. Municipal,
industrial, and other nonagricultural
water deliveries from Bureau of
Reclamation facilities totaled 738 billion
gallons in 1974, nearly a two-fold
increase over the 397 billion gallons used
15 years earlier.

2.4.3 Exploit Domestic Supplies
The third alternative offered by the
National Petroleum Council appears to be a
more realistic solution to the Nation's
energy crisis.
If foreign imports do not
materialize as needed, and if development
of offshore and Alaskan north slope crudes
is delayed further, the utilization of
continental gas and oil reserves and the
coal resources of the United States may
be required to pick up the gap. There
are good reasons to maintain a substantial
production capability in coal and oil
shale resources to offset the risks
associated with unconventional fuels and
the dependency on foreign imports.
However, the environmental consequences
associated with development of the
abundant domestic coal and oil shale
resources must be placed in perspective
with the consequences of expanded import
quotas or reduced consumer demand.
3.

The quantities of water required for
energy and mineral production are sub
stantial. Energy mineral extraction, com
bustion, conversion to more convenient
forms, and transportation of the products
soak up water like a colossal sponge.
For example: A modern mine-mouth coal
burning generating plant of 1,000
megawatt capacity needs upwards of 12,000
to 15,000 acre-feet a year, primarily for
cooling; and a nuclear generating plant
with the same power output uses about
35.000 acre-feet. Although air cooling is
feasible and could be substituted for
water in these industrial processes,
greater capital outlays would be required
for space and equipment and annual
operating costs would be higher. Those
costs, of course, would be passed on to
the consumer.

COAL AND WATER
The four prototype oil shale extraction
plants in Colorado and Utah project an
annual requirement of 111,000 acre-feet to
produce one-half million barrels of
crude oil a day.

Coal, which is the nation's most
abundant fossil fuel, could carry an even
larger share of the energy market if coal

A coal gasification plant with a daily
output of 1 billion cubic-feet of syn
thetic natural gas will consume up to
32.000 acre-feet a year, depending on
design. Coal needed for such a complex
will approximate 25,000 tons per day,
depending upon heat content and other
characteristics of the coal, and the
energy conversion process.

**The demands for energy and other
consumer goods conceivably are as great in
the undeveloped world as in the developed
countries; however, such demands are made
effective only by the ability to enter the
market place.
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For coal liquefaction, estimates vary. A
100.000 barrel-per-day unit may require
20.000 acre-feet of water annually.
The slurry pipeline that moves coal from
the Black Mesa deposits in Arizona to the
Mojave Powerplant in the southern tip of
Nevada - a distance of 273 miles - uses
mined ground water at the rate of 3,700
acre-feet a year. By its arrival, the
water's quality has so deteriorated that
at present it is run off into evaporation
ponds.

generating plants using coal as a fuel
were planned. Firing facilities of a
size that would consume about 1,000 tons
per hour, requiring mine-mouth or near
mine-mouth generating facilities, were
being considered.
At that time, consortiums of energy
companies contacted the Department of the
Interior to review proposed expansion
plans for existing generating plants and
to review plans for new developments.
Because of the Department's responsibili
ties regarding hydroelectric power, water
storage facilities, coal deposits, and
other resources located on Federal and
Indian lands, several bureaus and agencies
within the Department of the Interior were
involved. Early discussions revealed the
potential to coordinate Federal and
private electrical capacity to obtain the
complementary benefits from steam genera
tion to augment hydroelectric power
production of the Colorado River.

Other water consumption includes spent
shale compaction, dust control, revege
tation, and petroleum refining. Refining,
for example, uses roughly a barrel of
water for every barrel of crude that is
processed.
Associated urban uses are significant.
A one-mi11ion-barrel-per-day oil shale
industry may require several thousand
acre-feet each year for the towns where
its workers live.

Because of the Department's natural
resource responsibilities, it has been
involved in the proposed production of
electric energy from fossil fuels almost
from the inception of these plans by the
private sector. Comprehensive review of
the untapped coal deposits in the Four
Corners region showed that fuel and other
economic considerations would generally be
superior for power production as compared
to steam generation in other parts of the
United States. As an example, the sulfur
content of Black Mesa coal in Arizona
averages 0.51 percent, only a fraction of
that of eastern coal which ranges from 2
to 5 percent. Also, the average ash
content of Black Mesa coal is slightly
less than 8 percent. However, BTU****
ratings, ash content, and other factors
do involve tradeoff evaluations for
accurate clean fuel comparisons.

The Bureau of Reclamation is involved in
several activities that will greatly
expand municipal and industrial uses of
water. Two significant and recent
industrial developments by the private
sector involve the coal-fired,
steam-electric powerplants in the Four
Corners region of Utah, Colorado,
Arizona, and New Mexico and the proposed
coal beneficiation*** industrial
processes of the Upper Missouri Basin.
A discussion of each of these areas
follows:
4.
COAL-FIRED, STEAM-ELECTRIC
POWERPLANTS, COLORADO RIVER BASIN,
ARIZONA, COLORADO, NEW MEXICO,
UTAH, NEVADA
Large reserves of coal from which
several billion tons can be recovered
by relatively low-cost mining methods
are located in the Southwest.
In
response to the increasing regional
demands for electric power, energy and
utility companies initiated comprehen
sive reviews of the untapped energy
reserves of those vast, undeveloped
low-sulfur coal deposits during the late
1950's and early 1960's. Steam-electric

Preliminary studies indicated that the
quantities of particulates and oxides of
sulfur and nitrogen resulting from combus
tion of Black Mesa, Kaiparowits Plateau,
or similar western coal would be among the
lowest of any plants of comparable size
operating on coal or oil in the United
States.
The availability of water and high-voltage
transmission, and stringent air quality
regulations in the energy-consuming areas
were other prime factors in favoring the
coal deposits in New Mexico, northern
Arizona, and southern Utah.

***Industrial processes to convert the
latent energy of the coal into gas,
crude oil, and other energy forms
through liquefaction, hydrogenation, and
gasification processes.

****British thermal unit.
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The major privately owned steam-electric
generating stations which involve
utilization of resources under the
jurisdiction of the Department of the
Interior include: (6)
Generating
Station

Location

No. of
Units

Capacity
Megawatts

Timeframe of
Initial Service

Four Corners

Farmington,
New Mexico

5

2,162

1963-1970

Mohave

Bullhead City,
Arizona

2

1,530

1971

San Juan

Fruitland,
New Mexico

2

1,190

1973-1980

Navajo

Page, Arizona

3

2,310

1974-2976

Huntington
Canyon
Total

Price, Utah

2
14

860
8,052

1974-1980

The foregoing Southwest plants currently
are capable of producing about 6,000
megawatts of electricity and have an
ultimate generating capacity of about
8,000 megawatts to help meet local energy
requirements within the Colorado River
Basin and part of the energy needs for
major population centers along the
southern California coast.*****

industrial development of eastern
Montana, northeastern Wyoming, western
North Dakota, and northwestern
South Dakota exists in the vast deposits
of lignite and subbituminous coal
located within those States. Soaring
demands for domestic energy development
have focused attention upon these vast
low-sulfur coal deposits. An estimated
1-1/2 trillion tons, or 40 percent of
the Nation's coal resources, are located
in the Northern Great Plains States;
about 35 billion tons are
strippable-proven reserves. Most of the
energy would be exported to population
centers outside the production area.
The Federal Government owns about
80 percent of the mineral resources of the
region, including coal, and about 30
percent of the land surface. Ownership
complexities involve Federal, State, rail
road, and private interests in the surface
and mineral rights. Water needs must be
met if such resource development by the
private sector is to move forward.
Since 1967, option contracts have been
let for 623,000 acre-feet of water per
year for use in Wyoming and Montana from
Bighorn Lake of the Yellowtail Unit of the
Pick-Sloan Missouri Basin Program. A
comparable 35,000 acre-feet contract has
been written for water from Boysen
Reservoir in Wyoming.
Industrial appli
cations are pending for annual quantities
of 502,000 acre-feet and 59,000 acre-feet
from the Yellowtail and Boysen Units,
respectively. Other industrial applica
tions for 630,000 acre-feet of annual
deliveries from the Wind-BighornYellowstone River system would require the
construction of additional tributary
storage to permit firm water deliveries.

The United States is a participant in
the Navajo Power Project. An entitle
ment to 24.3 percent of the plant's
electrical capacity, or 561,000
kilowatts, will be used for pumping
power requirements for the Central
Arizona Project, a Federal Reclamation
development now being constructed. The
three generators at the Navajo Project,
with a total capacity of 2,310,000
kilowatts, are expected to cost about
$703.4 million. Transmission and rail
road facilities will require additional
investments of $164.5 million'and
$74.5 million, respectively.
5.

INDUSTRIAL POTENTIAL OF THE
UPPER MISSOURI RIVER BASIN

The Bureau of Reclamation has received
requests from energy companies for
annual quantities of water totaling about
1 million acre-feet from the six storage
reservoirs on the main stem of the
Missouri River for use in developing coal
resources in Montana, North Dakota,
South Dakota, and Wyoming. The Bureau
has been working closely with those
States as industrial firms reveal their
plans for prospective coal gasification,
possible coal slurry transport, and
other developments. It has been esti
mated that industrial water requests may
exceed 3 million acre-feet annually.
With today's water pollution control
standards, most industrial diversions
are consumptively used.

An excellent potential for the

*****On April 14, 1976, Southern
California Edison Company announced that
it had removed the proposed Kaiparowits
Power Project in Southern Utah from its
financial and resource planning schedule.
According to an April 18, 1970, speech
presented by*William R. Gould, Senior
Vice President, Southern California
Edison Company at the 11th Annual
Engineering Symposium, Brigham Young
University, Provo, Utah, the proposed
Kaiparowits Project would have a capacity
of 5,000 megawatts. Water deliveries of
102,000 acre-feet annually from
Lake Powell were scheduled for use by
1989.

Water that may be used for industrial
development includes the storage avail
able at the Missouri River main-stem
dams and reservoirs constructed by the
720

Corps of Engineers pursuant to the Flood
Control Act of 1944. These include
Garrison, Oahe, Fort Randall, Gavins
Point, and Big Bend. Also involved is
the use of industrial water from Fort
Peck Reservoir built by the Corps of
Engineers prior to the 1944 act.

When implemented, they will introduce
fuel penalties of 5 percent or more (under
1970 performance standards) for each
technique needed to control different
emissions. A fully equipped car will
probably experience at least 15 percent
fuel p e n a l t y '

Leading petroleum companies and power
producers are expressing a keen interest
in the potential of coal-rich areas in
the Upper Missouri River Basin. Mineral
prospecting rights to indigenous coal
resources susceptible to the hydrocarbon
synthesizing processes, located in
southeastern Montana and northeastern
Wyoming, are being, or have been,
acquired. Often, actions relating to
obtaining a water supply are among the
first commitments by the private sector
for resource utilization.

To meet environmental quality standards,
industry invested some $9.3 billion in
pollution control in 1970; the investment
rate continues to climb. The percentages
of total annual capital expenditures
invested in pollution control ranged from
a high of 10 percent for the iron and
steel industries down to zero percent for
the communications industry, with 2.6
percent for transportation and 3.8 percent
for electric u t i l i t i e s . I t is not
clear, however, that all these investments
produce energy-efficient pollution control
centers.

6.

ENVIRONMENTAL ASPECTS
Relating traditional profit incentives to
efficient pollution control will be
difficult until the principle of pollution
control itself has become common practice.
The capital investment and institutional
policies (such as environmental protection
and licensing policies) take substantial
time to implement on a regional or a
national basis. The costs to achieve
environmental and esthetic recommendations
should be explicitly stated in the
environmental studies. Such evaluation of
costs and benefits would provide the
decisionmakers with more definitive bases
and would be a better measure of the
socio-economic and environmental tradeoffs
involved.

Environmental concerns are currently
a dominant public issue in the
United States. As a result, adequate
energy supplies to meet current and
future environmental control operations
are giving rise to many new problems.
Limitations on the permissible sulfur
content of fuels as a means of air
pollution abatement has led to a strong
surge in the demand for natural gas,
low-sulfur coals, and low-sulfur
residual fuel oils. This creates a
supply crisis, at least in the
short-term, for these fuels.
For the longer term, continued pressure
for environmental preservation can be
expected to result in increased costs
for all fuels and energy sources.
Higher energy prices constitute a sharp
break from the historical circumstances
of abundant low-cost energy in the
United States, especially the continued
long-term downtrend in the cost of
electricity. The effects on internal
economic growth as well as on the
position of the United States in world
commerce may be significant.

The question must be asked whether a
slight relaxation in environmental stand
ards, many of which may have been
arbitrarily set with little thought to
their full ramifications, would permit
significant energy savings. For example,
the question should be carefully examined
whether the Nation's environment would be
better served by obtaining emission
reduction through policies designed to
reduce automobile use and increase mass
transit use or by maintaining current
strict emission standards which decrease
engine efficiency. The extremely high
costs which consumers are paying to
obtain the last small increment of envi
ronmental protection should be compared
to the dollar savings from more
energy-efficient pollution control
systems.

Utilization of energy resources has
significant environmental impacts; for
example, strip mining and the disposal
of heated water from power generating
plants. Conversely, pollution controls
have significant impacts on energy con
sumption. They can and do result in the
additional use of energy and may con
tribute to shortages of desired fuels.
For example, motor vehicle exhaust
systems have been proposed to reduce
automobile pollution by over 90
percent.

The close interdependence of these
issues makes it essential that programs
be coordinated wherever possible to meet
the objectives of both pollution control
and energy conservation. The needed
721

objectives include making pollution
control systems more energy efficient
and encouraging greater energy conserva
tion by choice. Water resource projects,
along with hydroelectric generating
capabilities, must be considered in the
over-all context of energy needs for the
Nation.
7.
(1)
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